Abstract As part of the Southern California Earthquake Center (SCEC) Phase III effort to include site effects in hazard models for southern California, a regional database of strong-motion observations was developed. The observations consist of the peak ground acceleration (PGA) and 5% damped response spectral acceleration (SA) at 0.3-, 1.0-, and 3.0-sec periods from 28 earthquakes and 281 stations. A total of 449 pairs of horizontal PGA and SA observations that were taken from the SCEC Strong-Motion Database (SMDB) are presented here. The phase III database includes earthquakes with moment magnitudes larger than 5.0 and stations in southern California with locations between 32Њ and 36Њ north latitude. Observations from buildings with more than two stories and dam abutments or crests are excluded from the database. Observations with distances of 150 km or greater were also excluded. The agencies that provided the data to SMDB are the U.S. Geological Survey, California Strong Motion Instrumentation Program, University of Southern California, and the Los Angeles Department of Water and Power.
The database also contains site classification information for each station. A first general classification is based on the 1:750,000 California map of Quaternary, Tertiary, and Mesozoic geologic units by Jennings (1977) as modified by Park and Elrick (1998) . A second more detailed classification is based on Quaternary mapping in the Los Angeles region by Tinsley and Fumal (1985) as modified by Park and Elrick (1998) . A third classification is based on the correlation of surface geology with shear-wave velocity in the upper 30 m (Wills et al., 2000) . An arbitrary "depth-tobasement" parameter is assigned to stations that are located within the boundary of the 3D velocity model used by Olsen (2000) , which is based on the SCEC 3D velocity model (version 1). This parameter is defined as the depth to the 2.5km/sec velocity isosurface. Special parameters associated with particular attenuation relations, such as different distance measures, a hanging wall flag, and fault-type flag are also assigned to each observation. These data are all presented within the tables and figures of this article, and also have been made available via a downloadable file on the Internet (http://smdb.crustal.ucsb.edu/ϳphase3).
Phase III Database Outline
The database presented in this article is divided into three tables. Table 1 represents the event information, listing the parameters of earthquakes from which ground-motion observations are used. Table 2 represents the station information, listing the site parameters associated with each strong-motion station. Table 3 represents the ground-motion information, listing the observed ground-motion levels and distance measures for each observation. The studies that use this data directly are , , and Steidl (2000) . Rather than present the data in each of these papers, a single reference is compiled here that contains all the information used in these three studies. Table 1 lists the 28 earthquakes that produced strong ground motion observations in southern California, which are compiled in this database. Figure 1 shows the locations of these 28 events, plotted as open circles; the radius of the circle is proportional to the event magnitude. The southern California region is defined here in a somewhat arbitrary manner, where all events located below 36Њ north latitude and above 32Њ north latitude have been selected. There is no physical boundary or scientific justification for choosing this region. The choice was a practical one, to satisfy the SCEC master model task of predicting hazard for the southern Cali- fornia region. The event date (Table 1 , yr-mo-dy) and event name (Table 1 , Event Name) fields in this database come directly from the SMDB. The magnitude field (Table 1 , Magnitude) is the moment magnitude as given from SMDB with the exception of a few of the smaller events where the moment magnitude field was empty in SMDB and the magnitude field was used instead. In either case, the reference source for these magnitudes is given in SMDB. The lower magnitude cutoff of 5.0 is used as this covers the range of magnitudes that have engineering interest in terms of damage potential. The event locations (Table 1 , Latitude and Longitude) are from SMDB, and the source is listed in the event reference field of SMDB for each earthquake. The style of faulting factor (Table 1 , Style) is taken directly from the values given in Sadigh et al. (1993 Sadigh et al. ( , 1997 . The number of observations (Table 1) for each event is the number of observations listed in Table 3 for each of the 28 earthquakes listed in Table 1 .
Event Information
Station Information Table 2 lists, in alphabetical order by station ID, 281 stations that provided strong-motion observations from the 28 events listed in Table 1 . Figure 1 shows the locations of these stations plotted as black triangles. The station ID (Table 2, SID), station coordinates (Table 2 , Latitude and Longitude), and station location (Table 2) , are taken directly as given in SMDB under "Station parameters". The instrument location (Table 2 , Sensor Location) is taken from the "Accelerogram parameters" in SMDB and correlates to the location of the sensor that provides the data listed in Table 3 , for the particular station. As some stations have multiple instrument locations, in order to make the data selection and referencing unambiguous, this field is needed.
The general geological classification for each station (Gg in Table 2 ) is taken from the digital 1:750,000 scale geologic map of California (Jennings, 1977 , as modified by Park and Elrick, 1998) , and is now also listed as one of the station parameters in SMDB. The detailed geologic classification for each station (Tg in Table 2 ) is taken from the digital map of Quaternary Geology (Tinsley and Fumal, 1985 , as modified by Park and Elrick, 1998) , and is now also listed as one of the station parameters in SMDB. The "NEHRP equivalent" site class for each station (Table 2, Class) is from the correlation of surface geology with near-surface shearwave velocity for the state of California by Wills et al. (2000) , where the classification scheme is described in detail.
The station owner (Table 2) is the organization that provides the data and maintains the strong-motion station. The station number (Table 2) is taken from SMDB and is the number assigned to the station by the owner. The free-field classification (F/FF? in Table 2 ) is used to delineate between sites where the instrument housing is a small shelter, or a single-story building (FF in Table 2 ), or sites in a two-story building (FF? Table 2 ). We removed any obvious large twostory structures that would not be considered free-field sites (like the Caltech Athenaeum) from the SCEC Phase III database, however, many of the stations are in small two-story churches or schools, which have been left in the database, but are flagged with the FF? to distinguish them from the single-story and small shelter free-field sites. The FF? flag is there to allow potential users to make their own choice between single-story or two-story buildings in defining freefield recordings when working with this database.
It should be noted that the selection criteria for what is or is not a free-field station varies from author to author in the existing attenuation relations. For example, recordings from embedded buildings may have the high-frequency ground motions altered due to soil-structure interaction (SSI). Certainly large multistory buildings will have significant SSI, and for this reason, no data from buildings greater than two stories are included in this data compilation. There remain a small number of observations from one-or twostory buildings where the sensor location (Table 2 ) is in the basement of the building. Any potential users of this data compilation should be aware that previous studies (Campbell, 1997) have excluded this basement data for PGA analysis. The information in Table 2 is as detailed as possible (given the available information in the SMDB) in order to give potential users the freedom to choose their particular definition of free field.
Each station that falls within the 3D velocity model used by Olsen (2000) is assigned a "depth to basement" parameter (D2.5 in Table 2 ) that corresponds to the depth (in meters) to the 2.5 km/sec shear-wave velocity isosurface. These values are based on the SCEC 3D velocity model (version 1) and are updated from the original Magistrale et al. (1996) basin model for Los Angeles. Stations that have a zero for the D2.5 parameter are where the 2.5 km/sec isosurface from the velocity model has come up to the surface. Stations that have no value for the D2.5 parameter are located outside of the basin model. The near-surface shear-wave velocity (in (Table 3 , V30) by using nearby measured velocity profiles from boreholes. These data come from a compilation of Wills and Silva (1998) . Only data using borehole methods is given (the choice of this selection criteria is described in Steidl [2000] where the shear-wave velocity data are compared to site-response estimates). The borehole velocity measurements are not always colocated with the strong-motion stations, so we also list the distance (in km) to the actual measurement (DV30 in Table 2 ). We have restricted these data to measurements within 1 km from the strong-motion sites and where the surface geology is the same at the borehole and strong-motion station.
Ground-Motion Information Table 3 lists in chronological order from oldest to most recent, the ground-motion parameters associated with the stations in Table 2 and Figure 1 , and the events in Table 1 and Figure 1 . The station ID (Table 3, SID) is the same as discussed for Table 2 . The event data (Table 3 , Edate) is the year and Julian day in yyyy.ddd. format. The magnitude is the same as discussed for Table 1 . The faulting type (Table  3, ftype) is listed, where ss is strike-slip faulting, rs is reverse-strike slip or oblique faulting, and r is reverse or thrust faulting.
The distance measures listed in Table 3 are for various attenuation relations and are defined in detail in Abrahamson and Shedlock (1997) . The closest distance to the fault rupture (Table 3 , Rrup), the distance to the surface projection of fault plane (Table 3 , dJBF), and the distance to seismogenic rupture (Table 3 , Sdist) are determined using the fault parameters from Lee et al. (Table 3, 2000) for finite faults with known fault-plane locations. For the smaller or older earthquakes without fault plane parameters, hypocentral distance is used for fault rupture (Rrup); epicentral distance is used for distance to the surface projection of fault plane (dJBF), and hypocentral distance is used for distance to seismogenic rupture (Sdist).
There is large variability in the distance criteria used for previous attenuation relations, ranging from near-source relations that exclude all data at distances greater than 60 km (Campbell, 1997) to relations that include data out to distances greater than 200 km (Abrahamson and Silva, 1997; Sadigh et al., 1997) . The near-source data certainly is the main contributor to the hazard estimation for southern California (Field and Petersen, 2000) , however, data out to distances of 150 km is included in this compilation in order to allow potential users to select their particular criteria for distance cutoff. In addition, some segments of the southern San Andreas fault are quite distant from the Los Angeles region.
In some cases dynamic energy release could be located at distances of 100-150 km and still contribute significant long-period motion in the basins. Damage in the Marina district of San Francisco from the 1989 Loma Prieta earthquake certainly provides some justification that distances of 100 km can be significant in terms of engineering interest.
In addition to the style of faulting factor, the differences in hanging wall versus footwall ground motions are accounted for in the Abrahamson and Silva (1997) attenuation relation by a hanging wall effect term. In order to distinguish between an observation recorded on the hanging wall or footwall of the event, a hanging wall classification is assigned to each observation (HW in Table 3 ), where HW ‫ס‬ 0 for footwall and HW ‫ס‬ 1 for hanging wall. Note that the definition of hanging wall and footwall in this case is different from the traditional geological definition. Sites that are off the ends of the fault or beyond the surface projection of the fault plane are considered footwall sites (Abrahamson and Silva, 1997) .
The actual ground-motion levels are listed in Table 3 for PGA and SA at 0.3, 1.0, and 3.0-sec oscillator periods. These values are taken directly from SMDB. The response spectral values are calculated as absolute response spectral acceleration as defined by Hudson (1979) and by Jennings (1983). The response of a single-degree-of-freedom damped oscillator to the earthquake acceleration, with damping at 5% are used as the SA values and defined as
where S A (x, f) is absolute spectral acceleration, x is the natural frequency of the oscillator, f is the damping (5% for values in Table 3 ), x(t) is the motion of the oscillator, z(t) is the motion of the ground due to the earthquake, and the double dot represents the second derivative with respect to time. Most attenuation relations use pseudoresponse spectral acceleration instead of absolute spectral acceleration as defined above. The differences between these two spectral estimates is minor (Ͻ5%) for the 0.3, 1.0, and 3.0-sec periods. The two estimates tend to agree over most of the usual frequency and damping ranges (Hudson, 1962; Hudson, 1979; Jennings, 1983) . Absolute SA is used in this compilation, as this is the parameter reported to the SCEC SMDB in the Volume III data releases from CDMG. The values of PGA are listed first in Table 3 where the PGA-1 and PGA-2 represent the two orthogonal horizontal components of ground motion. Likewise, for SA at 0.3-, 1.0-, and 3.0-sec oscillator period, the values are given in Table 3 as SA03s-1, SA03s-2, SA1s-1, SA1s-2, SA3s-1, and SA3s-2, respectively, for the two components of motion and different oscillator periods. In the case of the 3.0-sec SA data (Table 3, SA3s-1 and SA3s-2) there are many observations for which the instrument response at the long period was not sufficient to provide accurate data. In these cases, the SA3s-1 and SA3s-2 are left blank in Table 3 . There are a few cases where one of the two horizontal components contained reliable data at a long period, and in that case the second component is listed as zero instead of blank.
In many of the observations, processed data is available from the station owner, which includes response spectral acceleration at 5% damping as defined previously. If available, this data is used. The reporting agencies also give a usable bandwidth for the data on each component, which is used to determine if the data is valid at a 3.0-sec oscillator period, mentioned previously. In some of the older events, processed data is not available, and the usable bandwidth is not reported but is left to the discretion of the user. In these cases the Fourier spectra of the observations were calculated and used to determine the usable bandwidth. The absolute SA values were then calculated for the portion of the data that was considered usable.
When searching through SMDB to pull out all the appropriate records within a 150-km distance, many records were returned by the search that were partial records of the ground motion, sometimes as short as only a few seconds. These partial records were thrown out and are not included in this database. There are, however, some older records that triggered on the S wave, and these were included. There may be some question as to the largest part of the ground motion being recorded on these stations, however, these data were not thrown out as the remaining portion of the ground motion was well recorded and may indeed contain the peak ground shaking motions. The restriction to data from the southern California region limited the number of observations so these older events were kept in the SCEC phase III database.
Observations Versus Predicted Input PGA, Distance, and Depth to Basement
It is useful to examine the details of the SCEC phase III database with respect to certain key parameters in order to determine the controlling earthquakes in the database, if any. At a first glance it is obvious that the Northridge and Whittier Narrows earthquakes are dominant in terms of the number of observations from these events, with the Landers, North Palm Springs, Imperial Valley, and San Fernando earthquakes also being large contributors (Table 1 , Number of Observations). The distribution of observations with respect to general site geology (Table 2, Gg) and input PGA motion as predicted by the Sadigh rock attenuation relation (Sadigh, 1993; Sadigh et al., 1997) is shown in Figures 2 and 3 in magnitude versus predicted rock PGA input plots. The dominance of observations on Quaternary geology ( Figure 2E ,F, diamonds) is clear. The Mesozoic (Figure 2A ,B, triangles) and Tertiary ( Figure 2C ,D, circles) observations are underrepresented in the SCEC phase III database compared with the Quaternary. In Figure 3 , the distribution of observations at the different magnitude levels with respect to predicted input PGA is shown for the detailed geology (Table 2, Tg), by subdividing the Quaternary units into younger and older units. The subclassification separates younger and older Quaternary, Qy and Qo, respectively, with Tertiary sediments sites added to the Qo class; thus, Qy includes Qyf, Qym, Qyc, and Qyvc, and Qo includes Qof, Qom, Qoc, Qovc, and Tss (Park and Elrick, 1998) . The choice of including the Tss (Tertiary sediments) class sites into the Qo category was based on the expected similarity in seismic response of the older Quaternary sediments and the Tertiary sediments, while the Tsb (Tertiary basement) class sites would be expected to behave more like rock sites. The individual site class is listed in Table 2 so that other users may group the classes differently if desired. Figure 3A ,B shows the Qy subclass and Figure 3C ,D shows the Qo subclass. The restriction to data in the region mapped by Tinsley and Fumal (1985) reduces the number of observations significantly ( Figure 3A-D) , especially in the very large and very small input motion ranges. Thick dashed lines in Figure 2 and Figure 3 denote 0.05g, 0.1g, and 0.2g for reference.
Similar plots of magnitude vs. closest distance to the fault (Table 3 , Rrup) are shown in Figures 4A-F and 5A-D. The paucity of data on the M and T class sites (Table 2 , Gg, Figure 4A -D) is also clear in these plots. In addition, the lack of data at very close distances (less than 10 km) is shown for this particular distance scale (Table 3, Rrup) . In fact, the dominant event in southern California for very close strong-motion observations is still the 1979 Imperial Valley earthquake. Magnitude is plotted versus the closest distance to rupture for the younger Quaternary (Qy, Figure 5A ,B) and older Quaternary (Qo, Figure 5C ,D) subclasses, and the reduction in the number of observations when limited to this smaller region is clear.
The distribution of observations with respect to the depth to basement parameter is shown in Figures 6 and 7 . As expected, the M class data ( Figure 6A,B) show zero or very small values for the depth to the 2.5 km/sec shear-wave isosurface. The T class data ( Figure 6B ,C) show a range of values from zero to just under 4 km for the depth to the isosurface. The Q class data ( Figure 6E,F) show a range of values from zero to just over 6 km for the depth to the isosurface. It is possible that a few of the stations on or near to the edge of the basins in the 3D velocity model are misclassified on the larger scale map, though those same stations would also be misclassified in the detailed Quaternary map of Tinsley and Fumal (1985) , as these stations also show up with zero depth to the isosurface in Figure 7A -D. This large range in the depth to basement parameter for the Quaternary data suggests that site classifications based on surface geology alone may be insufficient to characterize the site response of a particular site. This is consistent with the results of Steidl (2000) and that find a lack of correlation between site response factors and the detailed surface geology for classifications based on surface geology alone. The results of do show a cor- relation in the site response versus site class when the detailed surface geology is combined with subsurface shearwave velocities to determine site classification (Wills et al., 2000) , highlighting the importance of including subsurface information into site classification.
Concluding Remarks
The database presented in this article represents a "snapshot" of the SMDB taken on 27 October 1999, when the data were extracted using the selection criteria previously discussed. The SMDB changes with time as new ground-motion records are included and as errors are found and corrected. This snapshot, which represents the phase III database, will be archived and made available at (http://smdb.crustal. ucsb.edu/ϳphase3) so that potential users will have access to exactly the same data used in the , , and Steidl (2000) studies presented in this issue of BSSA. database compilation and greatly improved the manuscript. Grant Lindley and Ned Field caught many errors in the initial database. Norm Abrahamson, Ken Campbell, and John Anderson provided useful comments based on their history and familiarity in working with the older strong-motion records. Ralph Archuleta, Alla Tumarkin, and Alexei Tumarkin, along with the support of SCEC, started the task of creating the relational strong-motion database and making it available on the World Wide Web. This research was supported by the Southern California Earthquake Center. SCEC is funded by NSF Cooperative Agreement EAR-8920136 and USGS Cooperative Agreement 14-08-0001-A0899 and 1434-HQ-97AG01718. The SCEC Contribution Number for this article is 513, and the Institute for Crustal Studies Contribution Number is 0369-110EQ.
